Abstract. In this paper a human upper limb robotic system is analyzed through an experimental study. The experimental analysis aim is to validate this robotic system type in order to use it in some kinetotherapy programs for the human upper limb recovery. The robotic system experimental research was performed by using special equipment called CONTEMPLAS which enables to evaluate angular variations in 3D environment. The equipment used in this research has two high-speed cameras which can record and establish the angular variations developed at the robotic system joints level. This paper consists of three main parts. In the first part there is an actual study of the robotic systems specially designed for the human upper limb rehabilitation, where the robotic system proposed for this experimental research is described. The second part includes some literature aspects regarding the movements developed by the human upper limb, and in the third part the experimental research is described in detail.
Introduction
Many research centers have developed different types of robotic systems used in human upper limb functional recovery. As a first example, a group of researchers, lead by J. Rocon and J.L. Pons (Spain) have designed an exoskeleton called WOTAS which offers a solution to the patients who cannot take medication by themselves. This robotic system has three degrees of freedom which correspond with the elbow flexion/extension, pronation/supination and wrist flexion/extension [8] . For physiotherapy recovery programs an exoskeleton called ARMin II was elaborated by T. Nef, M. Mihelj, G. Colombo, R. Riener. This has 6 DOF and enables pronation/supination and flexion/extension motion at the wrist level [10] . Other robotic systems which have as a main application the human upper limb therapeutically recovery programs are presented in [9, 11, and 12] . In the University of Craiova -Faculty of Mechanics research frame, a group of researchers under the lead of PhD. Eng. Dumitru N., have developed a robotic system prototype used for human upper limb therapeutic programs implementation. This robotic system (Fig. 1) consists of two main parts. First part is made up of a proper exoskeleton, and the second part is represented by the command and control unit. The exoskeleton has 3 DOF, which ensures the wrist flexion/extension, abduction/adduction and forearm pronation/supination motions. The exoskeleton model is designed by taking into account the models developed in [5, 6, and 7] . The exoskeleton elements are manufactured from aluminum alloy and the torques developed by the servo-motors is transmitted through two conic gears and one cylindrical gear to the exoskeleton elements. These gears are manufactured from plastic material through virtual prototyping procedures. The command and control unit consists of a processing board Arduino DuemiLanove type, which ensures an interface between servo-motors and a notebook. A driver is installed on the notebook in order to control and command the servo-motors. This driver has an interface through software which enables us to elaborate different command and control algorithms under C++ environment. These algorithms are elaborated by taking in account the human upper limb kinetotherapy protocols, in accordance with the motion laws developed by this at the wrist and elbow joints level from a healthy human subject. This robotic system has an accelerometer integrated in its structure which enables the exoskeleton to perform spatial motions in accordance with the ones performed by the kineto-therapist. 
Human Upper Limb Anatomical Considerations
It is necessary to identify the motion possibilities of a human healthy subject while performing some specific manipulation activities of objects having different geometric forms. For this we must achieve a human upper limb structural study from an anatomical viewpoint. In Fig. 2 we identify the main human upper limb bony elements, which are composed from: 1-clavicle, 2-scapula, 3-humerus, 4-radius, 5-ulna, 6-carpal, 7-metacarpal, 8-phalanges [4] . By taking into account the existent information in the specialty literature, one identifies the motion types achieved by a human upper limb at the elbow and wrist joints level. Thus at the elbow level one can perform two activity types such as: flexion/extension, pronation/supination (Fig. 3) . For the upper limb wrist joint other motions are achieved: flexion/extension, adduction/abduction (Fig. 3) . One it considers the angular amplitudes specified in specialty literature [2, 4] , for human elbow and wrist joints. 
Robotic System Motion Analysis by Using CONTEMPLAS Equipment
Taking into account the experimental research aim, the motions developed by the robotic system presented here will be evaluated experimentally by using motion analysis equipment, which is called CONTEMPLAS. It has two high speed cameras for capturing and recording sequences and a DELL notebook for sequences analysis in real time with Templo Standard module software [1] . The University of Craiova-Faculty of Mechanics owns this special equipment, which is used for the experimental research presented in Fig. 4 . The high-speed cameras are CCD-Chip 2.1.0 type. This equipment enables us to determine the desired points trajectories and spatial angular variations onto either mechanical or biomechanical mobile systems through successive identifications of the joint Applied Mechanics and Materials Vols. 325-326centers positions in their structures. Thus, one attached markers in the rotation joints centers with a view to determining the angular amplitude developed by the robotic system for the equivalent human forearm motions. A sequence of the experimental analysis using this equipment is shown in Fig. 6 . The robotic system performs combined flexion/extension and abduction/adduction motions, and it uses a human subject who has a bony trauma at the wrist joint level (Fig. 5) . 
Conclusions
As a result of the experimental analysis, one obtained the motion laws developed by the robotic system for flexion/extension and adduction/abduction combined motions equivalent to the ones developed by the human upper limb wrist (Fig. 7 a, b) . By analyzing the results shown in Fig. 7 , according with the data from specialty literature, one can observe that the angular amplitudes developed by means of the robotic system are similar to the ones developed by the human forearm in a healthy human subject. Thus, one can notice that the human wrist flexion/extension motion has angular amplitude equal to 155,813 degrees, for which this value ranges from 155 to 160 degrees. At the same time, the value reached for abduction/adduction motion is 53,084 degrees and the value limit for this motion type is between 50 -55 degrees. One can implement human upper limb kineto-therapeutical recovery procedures onto this robotic system. This equipment can be used for other mobile systems which develop spatial and planar movements in different domains, such as industry fields (e.g. Industrial robots), biomechanics, medicine, sports, etc. 
